Abstract
Introduction
misconceptions about the nature of film style. It is therefore necessary to reassess the claims made regarding changes in shot length distributions with the introduction of sound technologies in Hollywood. This paper examines changes in shot length distributions with the introduction of sound technologies in Hollywood in the 1920s and 1930s by looking at robust statistics of film style.
Methods

Data
We collected shot length data for silent and sound films produced in Hollywood between 1920 and 1933, inclusive, selected from the Cinemetrics database (http://www.cinemetrics.lv/). Shot length data was not collected from films where the submitter had acknowledged errors in the process of data entry. Shot length data was not collected from films for which multiple submissions had been made unless it was possible to judge which submission could be considered more reliable. In interpreting the results presented here it is important to bear in mind that the accuracy of data produced using the Cinemetrics software is dependent on the response time of the submitter to observing a cut, and this will inevitably incorporate some observational error into the results. For this reason, the data are best regarded as estimates of a film's style even though all the shot length data has been included.
Descriptive Statistics
In place of the mean shot length, we use the median shot length as a robust measure of central tendency. The median shot length is widely used for the analysis of style in motion pictures. Brett Adams, Chitra Dorai, and Svetha Venkatesh base their analysis of editing's contribution to tempo in motion pictures on the median shot length because it 'provides a better estimate of the average shot length in the presence of outliers.'
7 Similarly, Nuno Vasconcelos and Andrew Lippman reject the use of the mean because it is 'well known in the statistics literature [...] that the sample mean is very sensitive to the presence of outliers in the data, ' and that '[m] ore robust estimates can be achieved by replacing the sample mean by the sample median.' 8 Hang-Bong Kang used the median shot length 'because it shows a better estimate than the average [mean] shot length in the presence of outliers' when analysing the relationship between emotion and film style. 9 Finally, in television studies Richard Schaefer and Tony Martinez used the median shot length in order to study changing editing patterns in news bulletins because it provided a better indicator of shot length than the mean, because the latter is inordinately influenced by a few "outlier" values from the longest shot.
10
The median (M) is the middle value when shot length data is ranked by order of magnitude, so that for any film 50 per cent of shots will be less than or equal to the median and 50 per cent will be greater than or equal to the median shot length. If the data set contains an odd number of observations the median is the centre value of the order statistics. If the data set contains an even number of values the median is equal to the mean of the two middle values. Since the median is based on the ranked data rather than the data values themselves so that it locates the centre of a distribution irrespective of its shape. It has the highest possible breakdown point of 0.5, which means that half the data can take on extreme values before the median is heavily influenced, and low gross error sensitivity so that it is resistant to the influence of outlying data points. 11 Consequently, the median shot length is a robust statistic of film style and accurately describes the style of a film without requiring assumptions about the underlying probability distribution of the data. 12 Using the median shot length we can make reliable comparisons of the style between films: a film with a higher median shot length is edited more slowly than a film with a lower median shot length. Similarly, we can reliably compare the style of two or more samples of films by comparing the median shot lengths for every film in each sample. Using the median shot length we can also be confident our estimates of the size of any change in film style will reflect the actual change and not the influence of outliers on non-robust statistics.
Just as we need a robust measure of central tendency, we also need a robust measure of the variability of shot lengths. Peter Rousseuw and Christophe Croux proposed Qn as a highly robust measure of variation in a data set:
This means we calculate the absolute difference of every data value from every other and find the kth largest value in this set. For large N, k is approximately equal to the lower quartile of the ordered absolute differences. This value is multiplied by the factors c Qn and 2.2219 for bias correction and consistency. Q n is robust with a breakdown point of 0.5 and does not depend on any measure of central tendency making it ideal for the asymmetrical data sets we encounter in analysing film style. Q n is therefore a scaled measure of the typical distance between the shot lengths in a film, and in making comparisons of film style we conclude that the greater the value of Q n the more variation exhibited by the shot lengths.
Removing outliers and trimming or Winsorising shot length data is undesirable as outlying shot lengths may be a significant element of a film's style: removing the opening shot from Touch of Evil (Orson Welles, 1958) or the tracking shot of the traffic scene from Weekend (Jean-Luc Godard, 1967) from our analysis would be to take away the most distinctive (and certainly the most famous) aspects of these films' style. It is often the unusual deployment of style that is of interest to the film analyst and so including this data is important for the analysis of film style; but it is necessary to ensure these unusual events do not distort our overall understanding of a film's style. The robustness of the median and Q n allows us to retain all the shot length data for a film without arriving invalid conclusions.
Statistical analyses
We compared the median (M) shot lengths of the films in each sample using the Mann-Whitney U test, with a null hypothesis of stochastic equality:
This means we test the hypothesis the median shot lengths of silent films are no more likely to be less than or greater than the median shot lengths of sound films. We used the same method to analyse differences in the dispersion of shot lengths in silent and sound films using the values of Q n for the films in each sample. In both cases an asymptotic two-tailed p-value of less than 0.05 was considered statistically significant.
The effect size of any differences between the two samples was quantified by the probability of superiority (PS) as a measure of the stochastic superiority of one sample over another 14 :
We estimate the probability of superiority as PS = U / (n 1 × n 2 ), where U is the Mann-Whitney test statistic and n 1 and n 2 are the sample sizes. If the two samples overlap one another completely, the probability of randomly selecting a silent film with a median shot length greater than the median shot length of sound film is equal to the probability of randomly selecting a silent film with a median shot length less than the median shot length of a sound film, and PS = 0.5. If the median shot lengths of all the silent films were greater than the median shot lengths of all the sound films, then the probability of randomly selecting a silent film with a median shot length greater than the median shot length of sound film is PS = 1.0. Conversely, if the median shot lengths of all the silent films were less than the median shot lengths of all the sound films, then the probability of randomly selecting a silent film with a median shot length greater than the median shot length of sound film is PS = 0.0.
We estimated the effect with the Hodges-Lehmann median difference (HLΔ) with a 95% (Moses) confidence
interval.
15 This statistic is the median of the set of pairwise differences between the data values in the two samples, and is resistant to the influence of outliers and robust against to deviations from normality.
All statistical analyses were carried out using Microsoft Excel 2007.
Results
We collected shot length data for a total of 160 Hollywood films from the Cinemetrics database: (census date: 1 July 2011). These films were sub-divided into two groups: silent films of the 1920s (n = 54) and early sound films from the period 1929 to 1933 (n = 106). The supplementary material in Appendix 1 contains the values of the median and Q n for each film.
There is a statistically significant difference in the median shot lengths of the films: U = 554.0, Z = -8.33, p = <0.01. This represents a large difference in film style, with the median shot of a sound film considerably more likely to be greater than that of a silent film: PS = 0.0968. This supports the argument that the introduction of sound technologies had a general effect on the distribution of shot lengths in Hollywood cinema during the transitional period. However, the size of that change is much smaller than that predicted by the difference in mean shot lengths described by Salt, Bordwell, and others. Specifically, there is an estimated increase in median shot lengths from the silent to the sound films by HLΔ = 2.0s (95% CI: 1.6, 2.4). This is considerably less than the figure of ~6 seconds that has been widely reported by studies based on the mean shot length. Figure 1 shows the distribution of the median shot lengths for each sample. While it is generally considered editing practices became more uniform in the transitional period due to a loss of flexibility at both the shooting and editing stages of production, the results presented here indicate that early sound films show much greater variation in shot lengths than silent films. This variation is evident in the greater dispersion of median shot lengths in the early sound era compared to the silent period. It is clear from Figure 1 that there is greater variation in the median shot lengths of the sound films than those of the silent films. The range of the median shot lengths of the silent films is 4.8s, and the interquartile range is 1.3s; while the corresponding figures for the sound films are 9.9s and 2.2s respectively.
Figure 1: The distribution of median shot lengths for silent films (n = 54) and sound films (n = 106) produced in Hollywood in the 1920s and early-1930s.
Turning to the dispersion of shot lengths, we see the same patterns described above. There is a statistically significant difference between the samples, with the values of Q n of the sound films stochastically superior to those for the silent films: U = 319.0, Z = -9.18, p = <0.01. This difference represents an average increase in the dispersion of shot lengths of HLΔ = 2.0s (95% CI: 1.7, 2.4). The effect size for the difference in the values of Q n is slightly larger than for the median shot lengths (PS = 0.0557). The distribution of the values of Q n for each sample is presented in Figure 2 , and we again see there is greater variation in the values of Q n for the sound films. This provides further evidence for the argument that the introduction of sound technology resulted in a more diverse range of shot lengths being used. 
Conclusion
Shot length distributions are typically characterised by two features: (1) they are positively skewed, and (2) they have a number of outlying data points. Consequently, the mean shot length is an unreliable statistic of film style because it is affected by unusually large shot lengths and displaced from the mass of the data. Similarly, the standard deviation gives a misleading impression of the dispersion of shot lengths in a motion picture. The median shot length is a superior measure of central tendency of the distribution of shot lengths in a motion picture, as it is unaffected by the asymmetry of the data, resistant to the influence of outlying shot lengths, and robust to deviations from any assumed underlying parametric model. Similarly, Q n is a robust statistic of the dispersion of shot lengths appropriate for describing film style.
For the first time, we presented a study of the changes in the distribution of shot lengths in Hollywood cinema attributed to the changes in production practices resulting from the introduction of synchronous sound technology in the late-1920s and early-1930s using robust statistics of film style. The results support the conclusions of earlier studies that the shift from silent to sound cinema led to an overall increase in shot lengths but the size of this effect is shown to be much smaller than that described by studies using the mean shot length. There is also an increase in the variation of shot lengths used in sound films, suggesting that while sound cinema may have lead to the emergence of formulaic editing patterns it also produced a greater degree of variability in shot lengths that is not evident in silent cinema. These changes in the shot length distribution of early Hollywood sound films may be explained by existing historical accounts of the need to accommodate new technologies and new working practices into the mode of production and film style of classical Hollywood cinema; but by using robust statistical methods we arrive at better estimates of the size of those changes. 
